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Abstract 

Background — Increased production of 
transforming growth factor ft (TGF-ft) 
seems to have an important role in the 
pathophysiology of bleomycin induced 
lung fibrosis. This is attributed to the 
ability of TGF-ft to stimulate infiltration 
of inflammatory cells and promote 
synthesis of connective tissue, leading to 
collagen deposition. 

Methods — The study was designed to 
evaluate the antifibrotic potential of 
TGF-ft antibody in mice treated with 
bleomycin, which is a model of lung 
fibrosis. Under methoxyflurane anaes- 
thesia, each mouse received intra- 
tracheally either 50 //l sterile isotonic 
saline or 0*125 units bleomycin in 50 //l. 
Within five minutes after the instillation, 
mice received into the tail vein 100 //I 
non-immune rabbit IgG, TGF-ft 2 anti- 
body, or a combination of TGF-fl 2 and 
TGF-/?, antibodies at various dose regi- 
mens. Mice were killed 14 days after the 
instillation and their lungs processed for 
morphological and biochemical 
studies. 

Results — Administration of 250 //g of 
TGF-/? 2 antibody after instillation of 
bleomycin followed by 100 /ig on day 5 
and 100 //g on day 9 significantly reduced 
the bleomycin induced increases in the 
accumulation of lung collagen from 445*8 
(42*3) //g/lung to 336*7 (56-6) //g/lung at 14 
days. Similarly, the combined treatment 
with 250 //g TGF-ft 2 antibody and 250 //g 
TGF-/?j antibody after bleomycin instilla- 
tion followed by 100 //g of each antibody 
on day 5 also caused a significant reduc- 
tion in bleomycin induced increases in 
lung collagen accumulation and 
myeloperoxidase activity at 14 days. 
Conclusions — These results suggest that 
TGF-ft has an important role in the aeti- 
ology of bleomycin induced lung fibrosis; 
the neutralisation of TGF-ft by systemic 
treatment with its antibodies offers a new 
mode of pharmacological intervention 
which may be useful in treating lung 
fibrosis. 
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Interstitial pulmonary fibrosis is a potentially 
lethal, chronic response of the lung to injury 
that may result from a wide range of 
processes. 1 Regardless of its multifactorial 
origin, interstitial pulmonary fibrosis is 
invariably accompanied by an over exuberant 
repair process, which is characterised by an 
excessive number of fibroblasts, 2 an absolute 
increase in lung collagen content, and abnor- 
mality in the ultrastructural appearance and 
spatial distribution of collagen types. 3 

Bleomycin represents a group of glycopep- 
tides that are used as chemotherapy in the 
treatment of cancer. 4 The use of bleomycin as 
an antineoplastic drug is, however, limited 
because it produces a dose dependent pneu- 
monitis which often progresses to interstitial 
pulmonary fibrosis in humans. 4 Intratracheal 
instillation of bleomycin in rodents is often 
used as an animal model of interstitial pul- 
monary fibrosis as it resembles that seen in 
humans. 5 6 

The number of cytokines known to upreg- 
ulate the inflammatory and fibroproliferative 
responses of lungs leading to increased extra- 
cellular matrix production in the rodent 
bleomycin model of lung fibrosis is ever 
increasing. 7 " 10 It is generally accepted that the 
increased production of transforming growth 
factor ft (TGF-ft) is an important component 
in the pathophysiology of bleomycin induced 
lung fibrosis for the following reasons. Firstly, 
TGF-ft is a potent stimulator of extracellular 
matrix synthesis, although its effects on cell 
proliferation depend on the presence of other 
growth factors and culture conditions. 11 ' 13 
Secondly, Raghu et al found that TGF-ft 
caused a twofold to fourfold increase in colla- 
gen production and collagen mRNA in 
fibroblasts cultured from normal and fibrotic 
human lungs. 14 Thirdly, there is increased 
expression of TGF-ft gene and cell prolifera- 
tion in lungs undergoing bleomycin induced 
pulmonary fibrosis. 10 15 16 

In addition, Brockelmann et al found an 
abundant expression of TGF-ft { mRNA in 
alveolar macrophages in lung tissue from 
patients with idiopathic pulmonary fibrosis. 17 
These investigators postulated that TGF-^ 
associated with the extracellular matrix of 
lung may provide a potent stimulus for the 
persistent * expression of connective tissue 



genes ^mbwed by increased synthesis and 
deposition of collagen in lung, a hallmark of 
pulmonary fibrosis. Similarly, Khalil et a! 
found a noticeable and consistent increase in 
TGF-/? production in epithelial cells and 
macrophages in sections of lung from patients 
with advanced idiopathic pulmonary fibro- 
sis. 18 

We investigated the role of TGF-/? in the 
pathogenesis of bleomycin induced lung 
fibrosis by treatment with TGF-/? 2 antibody 
or a combination of TGF-/? 2 and TGF-/?, 
antibodies at various dose regimens. We also 
investigated the effects of combined treat- 
ment with TGF-/? 2 and TGF-/?, antibodies on 
bleomycin induced increases in the lung 
myeloperoxidase and prolyl hydroxylase 
activities and lipid peroxidation as well as 
protein content and acid phosphatase activity 
of supernatant from bronchoalveolar lavage 
fluid. 



Methods 

All experiments were carried out in male 
albino Swiss-Webster mice "weighing 28-30 g 
(Simonsen, Gilroy, California). Bleomycin 
sulphate was generously donated by the 
Bristol-Myers Company (Syracuse, New 
York), and antibodies to TGF-^ and TGF-/? 2 
were obtained from R and D Systems 
(Minneapolis, Minnesota). Chrom-Pure rab- 
bit IgG was obtained from Jackson Immuno 
Research Laboratories (West Grove, 
Pennsylvania) . L-3,4- [ 3 H] -Proline (purity 
98-5%, specific activity 50-0 Ci/mmol) was 
purchased from NEN Research Products 
(Boston, Massachusetts). L-4-[ 3 H] (G)- 
Hydroxyproline (8 Ci/mmol) was obtained 
from American Radiolabeled Chemicals (St 
Louis, Missouri). All other reagents were of 
analytical grade and obtained from standard 
commercial sources. 

STUDY DESIGN 

Mice were kept in plastic cages in groups of 
four in animal resource services facilities 
approved by the American Association for the 
Accreditation of Laboratory Animal Care and 
allowed to acclimatise for one week before 
the start of the experiments. Mice had free 
access to Rodent Laboratory Chow 5001 
(Purina Mills, St Louis, Missouri) and water 
and were housed in a room with lighting cycle 
of 12 hours of light and 12 hours of dark. 
Animals were randomly assigned to four 
groups: (1) saline and non-immune rabbit 
IgG (SA + IgG); (2) bleomycin and non- 
immune rabbit IgG (BL + IgG); (3) 
bleomycin and TGF-/? 2 antibody (BL + 
TGF-/?, Ab); and (4) bleomycin and TGF-& 
and TGF-jJ, antibodies (BL + TGF-& + 
TGF-ft Ab). Bleomycin sulphate was freshly 
dissolved in sterile isotonic saline and TGF-/? 
antibodies in phosphate buffered saline 
(sodium dihydrogen phosphate 10 mmol/1 in 
0-9% saline, pH 7*2) and filtered (0-2 /an fil- 
ter). The rabbit IgG was also dissolved in 
phosphate buffered saline and filtered in the 
same way. 
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TREA^^NT OF ANIMALS 

Under methoxyflurane anaesthesia mice in 
each group received intratracheally either 
50 fil sterile isotonic saline or 0*125 units of 
bleomycin solution in 50 //l, according to the 
procedure described by Raisfeld. 19 Soon after 
intratracheal instillation mice in all groups 
received either non-immune rabbit IgG or 
TGF-/? antibodies in 100 fi\ through the tail 
veins as follows: group 1 (SA 4- IgG) IgG 
250 /ig within five minutes after saline instil- 
lation then 100 //g on day 5 and 100 fig on 
day 9; group 2 (BL + IgG) IgG 250 //g 
within five minutes after bleomycin instilla- 
tion then 100 fig on day 5 and 100 fig on day 
9; group 3 (BL + TGF-& Ab) TGF-& anti- 
body 250 fig within five minutes after 
bleomycin instillation then 100 fig on day 5 
and 100 fig on day 9; group 4 (BL + TGF-/? 2 
+ TGF-& Ab) TGF-/? 2 antibody 250 fig and 
TGF-/? t antibody 250 fig within five minutes 
after bleomycin instillation then 100 fig of 
each antibody on day 5. A separate group of 
mice received the same amount of non- 
immune rabbit IgG protein as the amount of 
antibodies given to mice in group 4, thus 
serving as controls for mice in group 4. 

Mice were killed either at 8 days or 14 days 
by an overdose of intraperitoneal pentobarbi- 
tal (120-130 mg/kg) after intratracheal instil- 
lation of saline or bleomycin. The lungs from 
mice killed at 8 days were used only for mea- 
surement of hydroxyproline as an index of 
collagen accumulation, whereas lungs from 
mice killed at 14 days were used for analysis 
of bronchoalveolar lavage fluid and for mor- 
phological and biochemical studies. 

BRONCHOAL\"EOLAR LAVAGE 

Lung lavage was performed as previously 
described. 20 Briefly, after cannulation of the 
trachea the lungs were lavaged with 5 ml of 
isotonic saline, given in five aliquots of 1 ml. 
The saline was administered with a syringe 
through the cannula, the chest wall was gen- 
tly massaged, and the fluid was withdrawn. 
The volume of the recovered fluid was mea- 
sured in a graduated test tube and ranged 
from 70% to 96% of the total volume with a 
mean (SD) of 88% (9%). The fluid was 
centrifuged at 1500 g for 20 minutes at 4°C. 
The resulting supernatant was collected and 
stored at -20 : C until measurement of protein 
content and acid phosphatase activity. 

PREPARATION OF LUNGS FOR 
HISTOPATHOLOGY 

After lung lavage the thoracic cavity was 
opened and the heart and lungs were 
removed en bloc from the thoracic cavity. 
The lungs were fixed through the trachea at a 
pressure of 30 cm H 2 0 with cacodylate 
buffered glutaraldehyde-paraformaldehyde 
fixative (400 mOsm, pH 7*4), as described 
previously. 21 The right cranial, right caudal, 
and left lobes were later cut in transverse 
slabs (2 mm thick). One slab from each lobe 
and faced blocks (1 cm 2 ) were randomly 
selected and embedded in paraffin, cut in 
7 fim sections, and stained with haematoxylin 
and eosin. 
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MORPH^^TRY 

n I We defined parenchymal lesions as a thicken- 

r ing of interalveolar septa due to oedematous 

if swelling, inflammatory cells, or fibrosis asso- 

le ciated with hyperplastic epithelial cells or to 

r clusters of airway inflammatory cells, or both, 

>s in either the airways or the interstitium. 

*r I Lesions were evaluated in a single section 

il ' from each of the three sampled lobes. The 

It volume density of lesion, V v , was determined 

by point counting techniques using the for- 
n mula V v = P P = P N /P-n where P P is the point 

ig fraction of P N , the number of points hitting a 

lesion divided by P T , and P T is the total num- 
y ber of points hitting the section. Because of 

the patchy distribution of lesions each section 
r was systematically scanned at a final magnifi- 

5 cation of 45 times with a 42 point lattice test 

? 2 system until all fields (10-25 fields) in the 

d section were evaluated. A mean volume den- 

s . sity of the multifocal lesions within the total 

)f lung was obtained by averaging the V v values 

*f contributed by each lung lobe. The volume of 

parenchymal lesions within the total lung was 
>f calculated from the product of the displaced 

s lung volume, the volume density of 

parenchyma per lung, and the mean volume 
s density of the multifocal lesions within the 

total lung. 21 

i BIOCHEMICAL STUDIES 

Lungs of animals used for biochemical stud- 
)f ies were perfused in situ through the right 

i ventricle with ice cold isotonic saline (20 ml) 

is to wash out the blood from the pulmonary 



vasculature through an opening in the left 
auricle. The lobes were quickly dissected free 
of non-parenchymal tissue, dropped in liquid 
nitrogen for immediate freezing and stored at 
— 80°C. Later the frozen lungs were thawed 
and homogenised in potassium chloride 0*1 
mol/1 and TR1S 0-02 mol/1 with a Polytron 
homogeniser (Brinkmann Instruments, 
Westbury, New York), The final volume of 
the homogenate ranged between 3*3 ml and 
4-5 ml. Several aliquots of the homogenate 
were stored at — 80°C until measurement of 
various biochemical variables. 

HYDROXYPROLINE ASSAY 

To assay hydroxyproline concentration 0*125 
ml of 50% cold trichloroacetic acid was 
added to 0*5 ml of homogenate. After 20 
minutes on ice samples were centrifuged, the 
supernatant discarded, and the precipitate 
hydrolysed in 1 ml of hydrochloric acid 6 
mol/1, overnight (18-20 hours) at 110°C. To 
monitor recovery tritiated hydroxyproline 
(1*5 x 10 5 dpm) was added to each hydro- 
lysed sample. The hydroxyproline content of 
the sample was measured by the technique of 
Woessner.- The recovery of tritiated hydroxy- 
proline ranged from 85% to 95%, and it was 
used to correct the amount of hydroxyproline 
for each sample. 

MYELOPEROXIDASE ASSAY . 

The myeloperoxidase activity of the lung 
homogenate was assayed according to the 
technique described by Goldblum et alP 
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Myelo^^oxidase was extracted in 0-5% hexa- 
decy I trimethyl ammonium bromide in phos- 
phate buffer 50 mmol/1 (pH 6-0). The 
samples were freeze thawed (20 minutes at 
- 70°C) three times followed by homogenisa- 
tion each time on ice with a Polytron. The 
homogenate was then centrifuged at 40 000 g 
for 15 minutes and the resulting supernatant 
used to assay for the myeloperoxidase activity 
spectrophotometrically: 0*1 ml of the super- 
natant was mixed with 2-9 ml of phosphate 
buffer 50 mmol/1 (pH 6-0) containing O- 
dianisidine dihydrochloride 0*167 mg/ml and 
0*0005% hydrogen peroxide in a final volume 
of 3 ml. The change in absorbance at 460 nm 
was recorded on a Varian 219 Cary spec- 
trophotometer (Varian Instrument Group, 
Sugarland, Texas). One unit of myeloperoxi- 
dase activity was defined as the volume of 
supernatant that degraded 1 //mol of peroxide 
per minute at 25°C. 24 

PROLYL HYDROXYLASE ASSAY 

Prolyl hydroxylase substrate (procollagen) 
was prepared from tibias obtained from 10 
day old chick embryos- Twenty four tibias 
were incubated for eight hours in 6*2 ml of 
Dulbecco's modified Eagle's medium 
(GIBCO, Santa Clara, California) containing 
a,a'-dipyridyl (150//g/ml) and 1 mCi of L- 
3,4- [ 3 H] proline. After incubation the tibias 
were rinsed in two changes of water before 
homogenising in 5 ml of distilled deionised 
water. The homogenate was centrifuged at 
4°C for 20 minutes at 3000 g. The super- 
natant was dialysed at 4°C for 72 hours 
against several changes of water. The reten- 
tate was portioned in several aliquots and 
stored frozen at -80 to -85°C. 

The method for prolyl hydroxylase assay 
was essentially the same as described by 
Hutton et al. 25 The incubation mixture for the 
assay in a total volume of 2 ml consisted of 
ferrous ammonium sulphate (0*1 mmol/1), 
a-ketoglutaric acid (0*1 mmol/1), [ 3 H]proline 
procollagen (100 000 dpm), lung homo- 
genate (100 //I), ascorbic acid (0*5 mmol/1), 
and TRIS-hydrochloric acid buffer (0*1 
mol/1, pH 7*8). The reaction was started by 
the addition of ascorbic acid and continued 
for 30 minutes at 37°C in a Dubnoff meta- 
bolic shaker. The reaction was stopped by 
adding 0*2 ml of 50% trichloroacetic acid. 
The tritiated water of the reaction system was 
separated by vacuum distillation of the whole 
reaction mixture. A 1*0 ml aliquot of tritiated 
water from each distillation was mixed in 15 
ml of Tritosol and counted in a liquid scintil- 
lation counter (Beckman Model LS 5801). 
The counting efficiency of the system was 
30-35%. The enzyme assay was conducted 
under conditions giving linear release of 
product in relation to the amount of sample 
used and the time of incubation. 

MALONDIALDEHYDE ASSAY 

Duplicate aliquots of the whole homogenate 
were used to measure the steady state value of 
malondialdehyde as an index of lipid peroxi- 
dation according to the procedure described 
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by OhlBfa et ai 26 Briefly, the assay entailed 
mixing 0-2 ml of homogenate, 0-2 ml of 8-1% 
sodium dodecyl sulphate, 1*5 ml of 20% 
acetic acid (adjusted to pH 3-5 with sodium 
hydroxide), 1-5 ml of 0-8% aqueous solution 
of thiobarbituric acid, and 0-6 ml of distilled 
deionised water. The mixture was heated at 
95°C for 60 minutes. After cooling 5 ml of 
n-butanol was added and the mixture was 
shaken vigorously, followed by centrifugation 
at 2000 g for 10 minutes. The absorbance of 
the upper organic layer was read at 532 nm 
and compared with a standard curve with 
tetraethoxypropane. 

PROTEIN CONTENT AND ACID PHOSPHATASE 
ASSAY 

The protein content of the supernatant from 
bronchoalveolar lavage specimens was deter- 
mined by the method of Lowry et al with 
bovine serum albumin as standard. 27 The 
catalysed release of 4-nitrophenol was moni- 
tored spectrophotometrically to estimate acid 
phosphatase activity in the supernatant. 28 
Briefly, both volume (0-5 ml) and concentra- 
tion of the buffer substrate solution (sodium 
citrate 90 mmol/1, 4-nitrophenyl phosphate 
15-2 mmol/1, pH 4*9) were adjusted to com- 
pensate for the larger sample volume required 
(0-5 ml). The remainder of the assay was 
performed as previously described. 28 

STATISTICAL ANALYSIS 

The data are expressed as total lung contents 
to avoid the artifactual lowering of the values 
in bleomycin treated animals caused by the 
presence of proteins of extrapulmonary ori- 
gin. 29 All values are reported as the mean 
(SE) and analysed by Fisher's least signifi- 
cance difference comparison test. 30 A value of 
p ^ 0-05 was considered to be significant. 
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Figure 1 Effect of TGF-fi 2 antibody on bleomycin induced increases in lung 
hydroxyproline content. The number of animals in each group is shown in parentheses 
below each bar. SA + IgG = saline + non-immune IgG; BL + IgG = bleomycin + non- 
immune IgG; andBL + TGF-ftAb = bleomycin + TGF-f$ 2 antibody. Each value 
represents mean (SE). ^Significantly higher (p < 0 05) than other groups; + significantly 
lower (p < 0 05) than the BL + IgG group. 
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LUNG HYDROXYPROLINE CONTENT 

The effects of intravenous administration of 
three consecutive doses of TGF-/? 2 antibody 
on the bleomycin induced increase in lung 
collagen accumulation 14 days after bleo- 
mycin instillation are summarised in fig 1. 
The hydroxyproline content, an index of col- 
lagen accumulation, in the groups treated 
with bleomycin and IgG (445-8 (42-3) 
/ig/lung) and bleomycin and TGF-/? 2 antibody 
(336-7 (56-6) /^g/lung) were significantly (p < 
0-05) increased to 225% and 170% of the 
value in the saline and IgG group (197-6 
(6*1) //g/lung), respectively. However, the 
treatment with TGF-/? 2 antibody significantly 
(p < 0-05) reduced the accumulation of lung 
collagen caused by intratracheal instillation of 
bleomycin. 

Since treatment with TGF-/? 2 antibody 
alone did not completely block the bleomycin 
induced increases in lung collagen accumula- 
tion, we tested the effect of combined treat- 
merit with TGF-& and TGF-ft antibodies at 
various dose regimens. In a preliminary study 
treatment with one dose of TGF-/? 2 antibody 
( 1 00 fig) and TOT-fa antibody ( i Ou //g) 
administered via the tail vein within five min- 
utes after intratracheal instillation of 
bleomycin had no effect on bleomycin 
induced increases in the lung hydroxyproline 
content at 14 days. The hydroxyproline con- 
tents expressed as mean (SE)(n) were 192-7 
(9-6) (8), 350-2 (30-4) (11), and 369-1 
(30-3)(8) //g/lung in the groups SA + IgG, 
BL 4- IgG, and BL + TGF-/? 2 + TGF-& 
antibodies, respectively. 

In the subsequent experiments TGF-/? 2 
and TGF-j5, antibodies were administered in 
combination in the bleomycin treated mice at 
two doses. The first dose contained 250 fig of 
TGF-& antibody and 250 ftg of TGF-# anti- 
body administered intravenously within five 
minutes after instillation of bleomycin while 
the second dose contained only 100 //g of 
each antibody and was administered at 5 
days. The mice were killed either at 8 or 14 
days after intratracheal instillation. This regi- 
men had no significant effect on the 
bleomycin induced increases in lung collagen 
accumulation at 8 days. The lung hydroxy- 
proline contents were 207 (14-8) (5), 292-3 
(16-8) (5), and 256 (12-0) (7) /ig/lung in the 
groups SA + IgG, BL + IgG, and BL + 
TGF-/? 2 + TGF-/?! antibodies, respectively. 
However, the same regimen of treatment sig- 
nificantly attenuated the bleomycin induced 
increases in the lung collagen accumulation at 
14 days (fig 2). 

OTHER BIOCHEMICAL DETERMINANTS 

Treatment with TGF-ft and TGF-ft anti- 
bodies in combination caused a significant 
attenuation of the bleomycin induced 
increase in lung myeloperoxidase activity at 
14 days (fig 3). However, the significant 
(p < 0-05) increases in lipid peroxidation and 
prolyl hydroxylase activity of the lung and 
in protein content of the supernatant of 
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Figure 2 Effect of combined treatment with TGF-p 2 and TGF-p, antibodies on 
bleomycin induced increases in lung hydroxyproline content. Saline (SA) or bleomycin 
(BL, 01 25 unit/mouse) was instilled intratracheally in 50 fil under methoxyflurane 
anaesthesia. Soon after instillation each mouse in the saline treated group received non- 
immune IgG 500 fig and thereafter 200 fig on day 5. Each mouse in the bleomycin treated 
group received either non-immune IgG 500 fig after instillation and thereafter 200 fig on 
day 5 or TGF-p 2 (250 fig) + TGF-p, (250 fig) antibodies after instillation and thereafter 
100 fig of each antibody on day 5. Mice were killed at 14 days after instillation and their 
iungs processed for kydrnxypirolinc measurement. Sec tkc legend to figure 1 for other demih 
and for explanation of abbreviations except that BL + TGF-p Ab - bleomycin + TGF-P 2 
antibody + TGF-p antibody. Each value represents mean (SE). * Significantly higher 
(p < 0 05) than other two groups; + significantly lower (p < 0 05) than the BL + IgG 
group. 
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Figure 3 Effect of combined treatment with TGF-p 2 and TGF-p, antibodies on 
bleomycin induced increases in lung myeloperoxidase activity. Treatment schedule was the 
same as described in legend to figure 2. Mice were killed at 14 days after instillation. See 
the legend to figure 1 for other details and for explanation of abbreviations except that 
BL + TGF-p Ab = bleomycin + TGF-p 2 + TGF-P, antibodies. Each value represents 
mean (SE). ^Significantly higher (p < 0 05) than other two groups. 
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broncnoalveolar lavage fluid in the group 
treated with bleomycin and IgG were not 
attenuated by the combined treatment with 
TGF-/? 2 and TGF-# antibodies at 14 days 
(table). 

HISTOPATHOLOGY AND MORPHOMETRY 

Histopathological and morphometric evalua- 
tions of lungs were carried out only in 
mice sacrificed at 14 days after intratracheal 
instillation of saline or bleomycin. The mice 
treated with saline and IgG in group 1 had no 
visible lesions and interalveolar septa with a 
normal thin appearance (fig 4A). In contrast 
mice treated with bleomycin and IgG had 
lesions varying from multifocal locations in 
proximal acini to a diffuse distribution that 
occasionally involved the pleura. In diffuse 
lesions alveolar spaces were often obliterated 
by organised connective tissue. In the multi- 
focal lesion interalveolar septa were thickened 
and lined by hypertrophied and hyperplastic 
cuboidal epithelial cells and abundant airway 
inflammatory cells (fig 4B). The mean (SD) 
volume of lung lesions in four mice of this 
group w?»s 373*8 (56-6) mm 3 . Although mice 
treated with bleomycin and TGF-/? 2 antibody 
showed similar lesions^ the lesions seemed to 
contain more mononuclear inflammatory 
cells and less organised connective tissue and 
the lesions were not as diffuse and consoli- 
dated as seen in mice treated with bleomycin 
and IgG (fig 4C). The mean volume of lung 
lesions in two mice of this group was 283*8 
(146-0) mm 3 3 but it was not significantly dif- 
ferent between these two groups because of 
the variance from animal to animal within 
groups and the small sample numbers. 

Mice treated with saline and IgG receiving 
a total dose of 700 fi% IgG also had no visible 
lesions and interalveolar septa had a normal 
thin appearance. Mice given bleomycin and 
IgG at a total dose of 700 fig IgG had lesions 
similar to that described earlier (fig 4B). The 
volume of lung lesions in four mice of this 
group averaged 331*0 (57-7)mm 3 . Generally, 
in mice treated with bleomycin and the two 
TGF-/? antibodies the lesions were found in 
small foci in proximal acini. Lesions were 
composed primarily of hyperplastic epithelial 
cells and abundant mononuclear inflamma- 
tory, cells with little fibrosis (fig 4D). The vol- 
ume of the lesions in four mice of this group 
averaged 153-9 (94*1) mm 3 . Although mice 
treated with bleomycin and a combination of 
TGF-/? 2 and TGF-^ antibodies showed a 



Effects of antibodies to TGF-p 2 and TGF-P, on bleomycin induced increases in malondialdehyde content and prolyl 
hydroxylase activity of lungs and on protein content and acid phosphatase activity of bronchoalveolar lavage fluid 
supernatant in mice 



Supernatant from bronchoalveolar lavage 



Malondialdehyde Prolyl hydroxylase Acid phosphatase Protein 
Treatment group (nmolllung) (dpm/lung/30 min) (nmolilungih) (ftg/lung) 



SA + IgG (n = 9) 28-5 (1-7) 46 403 (900) 149-2 (43 0) 454 (60) 

BL + IgG (n = 5) 51-5 (3-8)* 57 902 (4050)* 321-6 (11 1-8) 3617 (770)* 

BL + TGF-P Ab (n = 6) 43-0 (4-6) 52 751 (1532) 200 0 (81-5) 3060 (493) 



*Significantly higher (p < 0 05) than SA + IgG group but not BL + TGF-p Ab group. 
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Figure 4 Effects of treatment with TGF-fi 2 antibody or with TGF-p 2 and TGF-fi : antibodies on bleomycin induced 
parenchymal lesions of mouse lung. The lungs were processed for histopathological study for each treatment group at 14 
days after intratracheal instillation. (A) Representative micrograph from a saline + IgG treated mouse lung shows thin 
interalveolar septa arid lack of any aggregation of inflammatory cells in alveolar spaces or the interstitium. Inset from 
proximal alveolar duct shows thin septa and septa tips. See the legend to figure 1 for treatment details. (B) Representative 
micrograph from a bleomycin + IgG treated mouse lung shows regions of interstitial and alveolar fibrosis, thick septa lined 
by cuboidal epithelium, and periarterial and perivenular fibrosis. Inset from a consolidated area shows fibroblasts with 
prominent cytoplasmic staining (arrows). See legend to figure 2 for treatment details. (C) Representative micrograph from 
a bleomycin + TGF-fi 2 antibody treated mouse shows lesions composed primarily of alveolar and interstitial mononuclear 
inflammatory cells. Inset in the' centre of a lesion shows abundant mononuclear cells and few fibroblasts. See legend to 
figure 1 for treatment details. (D) Representative micrograph of lung from a mouse treated with bleomycin + TGF-p 2 
antibody +TGF-fi t antibody shows normal parenchyma except for a focus of interstitial fibrosis (arrow). Inset marked by 
the arrows is in the centre of a lesion and shows a mixture of mononuclear cells and fibroblasts. See legend to figure 2 for 
treatment details. B = bronchus, PI = pleural surface, V - vein, A = artery. Bars - 200 nm, inset bars - 30 pirn. 



46% reduction in the volume of lung lesions 
compared with the mice given bleomycin and 
IgG (78% reduction in the case of one 
mouse), there was no significant difference 
between the two groups because of a large 
variation from mouse to mouse. 



Discussion 

Our results are evidence that TGF-/? has an 
important role in the pathogenesis of lung 
fibrosis induced by intratracheal instillation of 
bleomycin in mice. This is based on the find- 
ing that intravenous administration of three 
consecutive doses of TGF-/? 2 antibody in 
group 3 caused an appreciable reduction in 
the increased accumulation of lung collagen 
in bleomycin treated mice. Similarly, the 
combined treatment with TGF-/? 2 and TGF- 
p x antibodies also caused a significant reduc- 
tion in bleomycin induced increases in lung 
collagen accumulation at 14 days after instil- 
lation. Morphometric evaluations suggested a 
reduction in the volume of parenchymal 
lesions in bleomycin treated animals after the 
combined treatment of TGF-/? 2 and TGF-j9, 
antibodies, but this difference was not signifi- 
cant. 

The beneficial effect of TGF-/? 2 and TGF- 
/i, antibodies in minimising the lung collagen 



accumulation and the severity and extent of 
the pulmonary fibrotic lesions depends on the 
dose and the duration of the study. One 
single dose of the combined antibodies ad- 
ministered in smaller amount (100/zg each) 
had no effect at 14 days, whereas a higher 
amount (250 //g each) administered soon 
after bleomycin and thereafter in a smaller 
amount (100 ttg each) at five days caused a 
marked reduction in the lung collagen accu- 
mulation and the severity and extent of the 
fibrotic lesions "at 14 days but not at 8 days 
after intratracheal instillation of bleomycin. 

An excessive production of TGF-/? has 
been reported in lung tissue from patients 
with idiopathic pulmonary fibrosis 1718 and 
other fibroproliferative diseases including 
mesangial glomerulonephritis. 31 A dramatic 
attenuation of the histological manifestation 
of the glomerulonephritis by treatment with 
TGF-/? antibody provides another line of evi- 
dence for a central role of TGF-/? in the 
fibrotic processes. 31 It is interesting that 
Piguet et al have applied a similar approach to 
define the role of tumour necrosis factor in 
lung fibrosis induced by silica and bleomycin; 
treatment with antibody to the factor ■ pre- 
vented lung fibrosis in both cases. 32 33 

Although the type of cells responsible for 
an increased expression of TGF-/? is not 



of antibody to TGF-pon bleomycin induced accumulation of lung collagen in mice 

known iljfeomycin induced fibrosis in mice, 
it could be fibroblasts, infiltrating monocytes 
or macrophages, or both, or other cell types. 
The most likely source of TGF-y? is probably 
macrophages. In rats the cell type responsible 
for an increased expression of TGF-fi seems 
to vary with the time after bleomycin 
treatment. 9 Immunohistochemical staining of 
TGF-/? is greatest in intensity in bronchial 
epithelial cells up to 4 days, while 
macrophages show the greatest staining 
intensity from 4 to 7 days, and thereafter the 
staining of TGF-fi is localised in macrophages 
organised in clusters. Recently, Khalil et al 
localised TGF-fi in epithelial cells and alveo- 
lar macrophages of lung tissue from patients 
with advanced idiopathic pulmonary fibrosis 18 
and Brockelmann et al found a persistent 
expression of TGF-^ mRNA in alveolar 
macrophages in lung from patients with idio- 
pathic pulmonary fibrosis. 17 A local release of 
TGF-/? from macrophages in response to 
intratracheal instillation of bleomycin might 
initiate focal accumulation of fibroblasts and 
collagen deposition, and TGF-/? may also act 
directly on fibroblasts, increasing their num- 
bers or rate of collagen secretion, or both. In 
addition, overproduction of TGF-/? in mice 
given bleomycin might be responsible for 
changes in the surrounding epithelial cells, 
including a reversible inhibition of their pro- 
liferation as seen for hepatocytes after partial 
hepatectomy in rats. 34 

The lung toxicity of bleomycin is 
associated with an increased sequestration of 
neutrophils, 35 which is measured by 
myeloperoxidase activity in the lung 23 ; 
increased lipid peroxidation, measured by the 
lung content of malondialdehyde 35 ; increased 
lung prolyl hydroxylase activity, 37 an enzyme 
responsible for post-translational modifica- 
tion of collagen before its maturation; and 
increased pulmonary vascular permeability, 
measured by the amount of extravasated 
plasma proteins 35 and increased acid phos- 
phatase activity 35 in the supernatant of bron- 
choalveolar lavage fluid. In our study mice 
treated with bleomycin and IgG had signifi- 
cantly higher lung myeloperoxidase and 
prolyl hydroxylase activities and malondialde- 
hyde content and also a higher concentration 
of protein in the supernatant than mice 
treated with saline and IgG in the control 
group. These findings are consistent with the 
earlier findings and support the hypothesis 
that generation of reactive oxygen species is 
involved in bleomycin induced lung toxicity. 

Other biochemical markers for evaluating 
the antifibrotic potential of exogenously 
administered compounds in the rodents with 
lung fibrosis include lipid peroxidation, prolyl 
hydroxylase, and myeloperoxidase activities 
in lungs and protein content and acid phos- 
phatase activity in the supernatant of bron- 
choalveolar lavage fluid. 37 Interestingly, 
systemic treatment with high doses of TGF- 
p 2 and TGF-/? t antibodies caused an appre- 
ciable reduction in lung myeloperoxidase 
activity 14 days after intratracheal instillation 
of bleomycin but had only marginal attenuat- 
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ing eflti^m other biochemical determinants. 
This suggests that treatment with these anti- 
bodies does not diminish the ability of 
bleomycin to generate reactive oxygen 
species. 

Myeloperoxidase contains haeme and is 
primarily present in the azurophilic granules 
of neutrophils. 38 The activity of this enzyme 
in the lung is used as an index of intra- 
pulmonary sequestration of neutrophils. 23 
Several laboratories including our own have 
shown the sequestration of neutrophils in the 
lungs of bleomycin treated animals. 35 It has 
been postulated that excessive accumulation 
of neutrophils in vascular, interstitial, and 
alveolar spaces would inflict lung injury by 
generating reactive oxygen species and 
releasing proteolytic enzymes and myeloper- 
oxidase. 3940 Myeloperoxidase released from 
neutrophils is known to oxidise chloride ions 
to hypochlorous acid (HOC1) in a reaction 
with hydrogen peroxide. 40 Hypochlorous acid 
is biocidal as it immediately oxidises biologi- 
cally important constituents of cells, includ- 
ing carbohydrates, nucleic acids, peptide 
linkages, and causes depletion of cellular 
NAD and ATP, leading to cell death. 41 
Recently, we reported that dermal application 
of nitroglycerine not only decreased the 
bleomycin induced increase in lung 
myeloperoxidase activity but also minimised 
lung toxicity. 42 The results reported here are 
consistent with the findings of the above 
study as treatment with high doses of TGF-/? 2 
and TGF-/?i antibodies caused a reduction in 
both the bleomycin induced increase in lung 
collagen accumulation and myeloperoxidase 
activity. Neutralisation of TGF-/? 2 and TGF- 
p { by systemic treatment with their antibodies 
in bleomycin instilled mice may minimise not 
only their stimulant effect on connective tis- 
sue growth in the lung but also their potent 
chemoattractant effect for polymorpho- 
nuclear leucocytes. 43 

Regardless of the mechanisms, it is clear 
that reduction of bleomycin induced increase 
in lung collagen accumulation by treatment 
with either TGF-/? 2 antibody or TGF-/? 2 and 
TGF-/?i antibodies indicates the importance 
of TGF-/? in the regulation of extracellular 
matrix in lung fibrosis. This suggests that 
TGF-/? may have a similar role in the aetiol- 
ogy of lung fibrosis as found for glomeru- 
lonephritis, 31 and its neutralisation by 
systemic treatment with its antibody offers a 
new approach to treating lung fibrosis. 
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